and zinc (Zn) concentration in wheat were analysed. Only 16 of them showed polymorphism and the remaining 25 turned out to be monomorphic in 48 wheat genotypes used in the present study. Single marker analysis (SMA) for the 16 polymorphic markers was carried out to assess the linkage between marker and the trait, based on which two markers (Xbarc186 and Xbarc74) for grain Fe concentration and three markers (Xgwm3, Xwms149 and Xgwm538) for grain Zn concentration were validated in the present study. The phenotypic variations explained by Xbarc186, Xbarc74, Xgwm3, Xwms149 and Xgwm538 were 40.2% and 19.8%, 10.7%, 21.7%, and 39.6%, respectively. The validation of these SSRs may be useful in breeding wheat with high grain Fe and Zn concentration.
Micronutrients such as Fe and Zn play a vital role in human growth and development and are derived from food. However, diets of human populations in many countries are deficient in these micronutrients leading to micronutrient malnutrition so much so that it has become a serious public health issue. One-third of the developing world's population suffers from micronutrient deficiencies leading to blindness, mental retardation and early death (FAO 2012) . Micronutrient deficiency can be overcome by consuming a diverse diet, but it cannot be afforded by majority of populace, particularly in low-and middle-income countries (Pfeiffer and McClafferty 2007) and fail to meet the daily required doses of the micronutrients like Fe and Zn. The recommended daily allowance of Fe in female adult is 21 mg d -1 , and in male adults is 17 mg d -1
and that of Zn in both male and female adult is 12 mg d -1 (ICMR 2009 ). Wheat and rice are important staple food crops and integral part of human life. However, major wheat and rice based diets fail to deliver the required quantity of these two minerals to humans. Since a large variability in the micronutrient concentration in the edible parts has been found in the germplasm of major crops like wheat, rice, pearl millet, cassava, sweet potato etc., plant breeding based strategies can be employed to develop cultivars with higher content of these micronutrients. Plant breeding to improve the nutritional value of crop plants also termed as biofortification has been recognized as an economical and sustainable strategy that can complement the strategies of supplementation and fortification for solving the problem of micronutrient malnutrition. Therefore, development of nutrient rich wheat varieties with high micronutrients content should be an important objective of wheat breeding programmes.
Most studies have shown that the high micronutrient trait is under genetic control with a large genotype-environment interaction (Velu et al. 2012 ). Many QTLs have been detected for the grain Fe and Zn traits and many closely linked markers have been reported in wheat (Shi et al. 2008; Genc et al. 2009; Peleg et al. 2009; Tiwari et al. 2009; Xu et al. 2012; Zhi-en et al. 2014) . These molecular markers are useful to be employed in MAS with different donors only if they get validated. Sharp et al. (2001) and Spielmeyer et al. (2003) suggested that markers should be validated by testing for the presence of the marker on a range of cultivars and other important diverse genotypes. MAS based transfer or pyramiding of the QTLs for grain Fe and Zn has remained unaccomplished and no reports of their validation are found in literature. The present study was therefore, taken up to validate known QTLs for grain Fe and/or Zn concentration in a set of 48 diverse wheat genotypes.
The genetic material consisted of 48 diverse wheat genotypes, which included RILs developed from a cross between an Indian bread wheat cultivar WH542 and a synthetic derivative [(Triticum dicoccon PI94624/ Aegilops squarrosa {409}//BCN)] from CIMMYT, Mexico, Triticum spelta genotypes and Indian wheat varieties ( Table 1) . The genotypes were evaluated at Delhi (ICAR-Indian Agricultural Research Institute, Research Farm, New Delhi, 28 o 38'N, 77 o 9'E, 228.6 m AMSL) in 2013-14. The crop was sown under irrigated conditions in first fortnight of November. The genotypes were planted in a randomized complete block design (RCBD) with two replications per entry and two rows (5 m length) per replication with a plantto-plant spacing of 10 cm and row-to-row spacing of 25 cm. Standard agronomic practices were followed for raising the crop.
A random sample of 25-30 spikes per entry was harvested after physiological maturity, the spikes were threshed in a clean cloth bag by beating with a wooden stick and the grain was separated from the husk in a plastic chaaj. Care was taken at every step to avoid dust and metal contamination. The grain samples were analyzed at Grain Quality Laboratory, IARI, New Delhi, India, using the high throughput method called Energy Dispersive X-ray Fluorescence (ED-XRF). The XRF machine model X-Supreme 8000 (M/s Oxford Inc, USA) was calibrated with glass standards in collaboration with Flinders University (Dr James Stangoulis; Technical coordinator, HarvestPlus), Australia.
Markers reported to be linked to grain Fe and/or Zn concentration trait by various authors and used for validation are presented in Table 2 . Genomic DNA was extracted from the leaves of 21 days old seedlings following CTAB method (Murray and Thompson 1980) . PCR was carried out in a total volume of 15µl, the ingredients included double distilled water (ddH 2 O), Single marker analysis (SMA) was carried out with ttest and regression analysis using SPSS 16.0 (SPSS Inc.). In SMA, each marker is considered as treatment with two marker classes for selected genotypes and phenotypic traits are considered as dependent variables. Thus, this analysis involved comparing each SSR marker with the phenotypic means of the two marker classes. The difference between the phenotypic means of each marker classes was used as an estimate of the phenotypic effects (R 2 ) of different marker genotypes.
The 48 genotypes used in the study ranged between 33.3 mg/kg (ASCOMAP 276) to 45.0 mg/kg (Synthetic derivative) for Fe and 29.4 mg/kg (K1114) to 59.8 mg/kg (Triticum spelta #3) for Zn. The association between Fe and Zn was strong (r=0.667**). Out of 41 markers employed in this study, 16 showed polymorphism and the remaining 25 turned out to be Table 2 . Summary of polymorphism of markers reported linked to QTLs for grain iron and zinc concentration in 48 wheat genotypes
Polymorphism Marker Trait
Polymorphic (Table 2) . SMA for the 16 polymorphic markers (9 markers for Zn and 7 markers for Fe) was carried out to assess the linkage between marker and the trait (Table 3) . Out of 16 polymorphic markers, six were identified by Zhi-en et al. (2013) and four markers as proposed by in Genc et al. (2009) while, the remaining six markers were identified in four different studies (Shi et al. 2009; Xu et al. 2012; Peleg et al. 2009 and Tiwari et al. 2009 ). It was found that five markers (Xbarc186, Xbarc74, Xgwm3, Xwms149 and Xgwm538) identified in earlier studies were validated in the present study. The two markers, Xbarc186 (Xu et al. 2012) and Xbarc74 (Zhi-en et al. 2014) showed an association with Fe and explained 40.2% and 19.8% of the phenotypic variations, respectively. The markers, Xgwm3, Xwms149 (Genc et al. 2009 ) and Xgwm538 (Xu et al. 2012) , showed an association with Zn and the phenotypic variation explained were 10.7%, 21.7% and 39.6% respectively. The mean Fe difference between two phenotypic groups for Xbarc186 marker was 5.07mg/kg and the mean Fe difference between the two phenotypic groups for Xbarc74 was 3.44mg/kg. The mean difference between two phenotypic groups was 3.83 mg/kg, 4.47 mg/kg, and 6.00 mg/kg for the markers Xgwm3, Xgwm538, and Xwms149, respectively.
It is very important that the markers linked to QTLs are validated before using them in marker assisted breeding programmes. Though many QTLs and their linked markers have been reported for the grain Fe and Zn concentration traits in wheat but when we tested the 41 markers, only 16 of them were polymorphic. Among these 16 polymorphic markers, only 5 got validated. It may be mentioned that about 50% of the genotypes used for validation were RILs of a biparental cross; therefore, the reported markers may further be validated using more diverse genotypes to use them confidently in breeding for Fe and Zn enhancement.
